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Narrative





The ship was loaded on Sunday/Monday May 5/6 and departed from Pat Bay on Monday afternoon to carry out equipment tests.  The Tully sailed at 1000 h on  May 7.    Loop sampling and a MULVFS test were conducted in Juan de Fuca Strait on Tuesday late afternoon.  The vessel arrived at station P04 before noon on May 8, and deployed FDSTAR before commencing a 48 h station. During this time a sediment trap mooring was recovered and redeployed.  We also had a surprise visit from a chopper which had to land briefly on the ship, interrupting incubations for 10 minutes or so!!  


FDSTAR was recovered early on the morning of May 10 prior to departing station.   CTD's were carried out along the line as we headed for P12.  At P06, the Bridge reported a strong current of ca. 1 knot from the SW.  On the morning of the 11th we arrived at P12 and recovered the trap mooring.  Due to worsening weather conditions and a poor outlook we decided to abandon this station until the inbound leg.  


We arrived at P16 around noon on the 12th after a day of heavy rolling in SE seas.  A sediment trap was recovered prior to commencing 48 h of station activities.  Continuing westwards, we arrived at P20 in the early hours of  May 15 and commenced activities with a Tucker trawl.  Again, a trap mooring was successfully recovered, and after a 48 h suite of sampling we departed this station and headed west.  


The vesel arrived at  P26 in darkness, commenced night-time net hauls, then briefly left the station to return to P35  for the deployment of FDSTAR on the morning of  the 18th.  Our stay at P26 was blessed by exceptionally calm weather.  In addition to the usual suite of station activities, both the trap and AR moorings were successfully turned around, and a day/night set of pump sampling took place.  On the afternoon of the 22nd, we departed P26 after the deployment of an AES drifter and headed to the last received position of  FDSTAR.  After recovering FDSTAR, we sailed east, occasionally stopping to collect water at stations between P35 and P12.  


We arrived at P12 on May 25 and successfully redeployed the sediment trap before commencing 48 h of sampling.  Upon leaving P12 on the 27th, we commenced a survey to examine the N-S extent of water mass boundaries noted on the outbound leg.  The survey consisted of a series of 200 m deep rosette stations 40 nautical miles to the N and S of line P.  The survey commenced at P10 and terminated 10 n. miles east of P9 on the  28th.  The ship arrived at P06 in the early hours of May 29 and carried out a MULVFS station in moderate NW seas.  We arrived at P04 in the early afternoon and carried out the last act of sampling - a Tucker trawl - before heading for Pat Bay.








Individual Reports


Physics and Chemistry


WOCE Repeat Hydrography         WOCE Cruise No. 18DD9609/1





A CTD survey along Line PR6 was completed.  Salinity, oxygen and nutrients (NO3 & NO2, PO4 and Si) were analyzed onboard ship from rosette casts at 5 stations (P 04, 12, 16, 20 and 26).  DMS was analyzed in sea water at the same stations to a depth of 400 m. and at three different time periods at station MP26.  DOC/N was sampled in sea water at the same stations to 600 m and several deeper samples at station MP26. The DON samples were analyzed onboard.


Free drifting sediment traps were deployed at MP04 to 300 m and MP 26 to 1000 m and recovered two and six days later respectively. Sequential sediment traps were recovered and redeployed at stations MP04, MP12, MP16, MP20 and MP26.


A transition zone survey was carried out north to south of line P from P11 to P09.  Ten stations were sampled by rosette to 200 m with transmissometer.  Six samples were collected to 100 m for salinity, chlorophyll and nutrients.  DMS was analyzed at TZ 3 and 4 and DOC/N at TZ 3.





Janet Barwell-Clarke  IOS





Factors controlling primary production





The objectives of this expedition were to investigate the physiological status of phytoplankton in surface waters along line P and at depth at the major stations, to estimate the partitioning of phytoplankton biomass and production between three size fractions, and to recover and redeploy a moored instrument platform at station P26.  The following sampling and experimental program was carried out:


Stations P04, P12, P16, P20, P26


i)Underwater PAR cast


ii)Samples were taken for size-fractionated chlorophyll (0.2-5 µm, 5-18 µm and > 18 µm), and phytoplankton species composition and abundance at 6 depths in the mixed layer.


The partitioning of primary production within the above size fractions was estimated during 24 h on deck incubations at 6 'light depths'.  The physiological status of the phytoplankton (Fv/Fm - quantum yield of fluorescence of photosystem II) was assessed at six depths. The status of algal cells within three size fractions was also determined at one depth per station within the mixed layer.


Cells were prepared via concentration and pelleting for shoreside assays using diagnostic markers for algal iron limitation (ferredoxin, flavodoxin), and immunofluorescence staining of individual cells at stations P04, 06, 12, 16, 17, 18, 19, 20, 26.   Dissolved iron samples from within the mixed layer were also taken at these stations.  At P26 only, samples for microzooplankton composition and abundance were taken, and DO14C samples were collected for a Dutch collaborator.





Experiments at P26


The influence of both irradiance and iron supply on phytoplankton physiological status was assessed during a 6 day experiment. Short-term photosynthesis:irradiance (p:i) experiments (18 irradiances) were conducted using surface water samples at the onset of the experiment.   Flavodoxin and ferredoxin and immunofluorescence staining of individual cells in conjunction with biophysical measurements of algal physiological status were performed.  A six day iron enrichment experiment to investigate the influence of iron on nitrogen biochemistry was also conducted.





Bio-Optical mooring at P26


The mooring was successfully recovered and data downloaded from both the S4 current meter and the integrating fluorometer.  The pressure sensor indicated that the instrument was located ca. 42 m under the surface and moved little in the vertical (< 2 m) over the majority of the > 90 d sampling period.  Data for chlorophyll fluorescence, temperature and salinity agree well between the IOS Seabird CTD and the UBC S4 current meter/ Biospherical fluorometer.  The instrument platform was successfully redeployed and is estimated to be located ca. 35 m beneath the surface.  Thanks from us for invaluable assistance from Ron and Tim.





MULVFS


Subsamples were taken from the MULVFS pumps in the upper 100m at P04, P06, (night and day) P12, P16, P20, P26, these  will be analysed for molecular markers of iron limitation in phytoplankton.  Thanks to Jim, Todd and Robert.





Comments


The flow in the fume hood was inadequate, the preserved samples in the cool room need to be better contained (double-bagged), and with more careful arrangment of equipment more space could be made available in the main lab.





Philip Boyd     UBC


Hugh Maclean  UBC





Natural abundance of stable isotopes





AIMS





i)  To determine the natural abundance of stable isotopes (15N & 13C) in


suspended particulate matter along line P.


ii)  To measure the rate of uptake of nitrate and ammonium by phytoplankton


at various light levels, at each of the biological stations along line P.


iii)  To collect samples for determination of chlorophyll, total


particulate C & N, dissolved nutrients, and 15N-nitrate in the water used


for determination of particulate stable isotopes and NH4 & NO3 uptake


rates.





CRUISE SUMMARY





1.  Collection of suspended particulate matter for the analysis of natural abundance of stable isotopes.  Water from 6 depths in the upper 100m (surface, 10m, 25m, 50m, 75m, and 100m) was collected at stations P04, P12, P16, P20, and P26 using the rosette.  At P26, an additional 4 depths were sampled, down to 2000m (250m, 500m, 1000m, and 2000m).  Between 30 to 50 liters were filtered through 47mm GF/F filters and dried.  These will be analyzed for d15N and d13C on the mass spectrometer at UBC.


Samples for 15N and 13C analyses were also collected from Jim Bishop's MULVFS pumping system. A 47mm subsample from the big QMA filter on each of the 12 pumps was collected, along with a 47mm filter on the sidearm of each pump.  Both GF/F and QMA filters were used on the sidearm, in order to compare the data obtained from filtering water collected by rosette with the in situ filtrations.





2.  Ammonium and Nitrate uptake experiments.


1L of water for each uptake experiment was collected from 6 different "light depths" at each of the biological stations.  At P26, an additional incubation was done.  The samples were spiked with 10% of the ambient level of either nitrate or ammonium and were incubated for 24 hours.  They are then filtered onto 47mm GF/F filters and dried.





3. Determination of chlorophyll, total particulate C & N, dissolved nutrients, and 15N-nitrate.  Each time water was collected for stable isotopes or nutrient uptake experiments, the following samples were also collected: 


 i) 500ml of water were filtered onto a 25mm GF/F for chlorophyll.


 ii) 2L of water were filtered onto a 25mm GF/F for total particulate C & N.


iii) Nutrients - nitrate, phosphate, & silicate.  Ammonium was also


analyzed in water collected for nutrient uptake incubations.


iv) 1L of filtered water at each depth was collected for dissolved 15N-nitrate.





4. Other work


10L of water each was collected  at 35m and 10m at P04 and filtered onto a 47mm GF/F for Dr. N. Price.  These samples will be used for particulate phosphate analyses.





Maureen Soon and Dr. S.E. Calvert,  UBC





Heterotrophic bacterial dynamics





My goal on this cruise was to measure various parameters which will lead to an understanding of the role heterotrophic bacteria play in the oceanic carbon budget along line P and with depth.  I am also attempting to determine the factors that control bacterial abundance, growth, and remineralization rates.


Along with some protocol development and fine tuning of methods, a standard suite of experiments and slide preparations were done as follows:





1)  Slides for enumeration of bacteria were made using various fluorescent stains to aid in determining both bacterial numbers and viability (all major stations (P4, P12, P16, P20, P26)). 


2)  Incubations with fluorescently labelled bacteria (FLB) were carried out followed by DAPI staining and preparation of slides for counting and assessing heterotrophic flagellate bacterivory (all major stations) 


3)  Slides for enumeration of virus particles were made (P4, P16, & P26).


4)  Samples were prepared for TEM analysis to obtain viral infection rates on bacteria and total viral production. (all major stations).


5)  [3H]-thymidine and [14C]-leucine incubations were carried out to estimate bacterial growth/productivity rates throughout the water column (all major stations)..


6)  Size fractionated respiration measurements were made at P4, P16, P20, and P26.  Total community respiration was measured with depth down to 3000 m at P26.  All respiration measurements were done with the aid of Bernard.


7)  An array of incubations was carried out at P26 to address the possible influences of Fe, NH4 and DOC enrichments on overall bacterial production. 


8) Samples were  collected  for the determination of the molecular phylogeny of heterotrophic bacteria through the water column at P26.





Nelson D. Sherry  UBC





Pelagic Foodweb Dynamics





Overview: Our research was intended to address food web dynamics in the pelagic zone, with particular emphasis on bacterial growth rates, nutrient regeneration and flux, as well as microzooplankton grazing and growth rates and mesozooplankton grazing rates.





Bacterial Production (Paul Matthews):


A series of experiments were performed along line P to measure bacterial production in the presence of nutrients and to determine the effect of temperature on bacterial production.  Volumes of seawater containing nutrients (< 1.0 mm further diluted with particle free seawater) were incubated in ambient conditions over 72 hours. Subsamples were withdrawn daily and incubated in the presence of 5 nM 3H-Thymidine and 10 nM 14C-Leucine.


Nutrient Enrichment: Experimental design for the nutrient enriched samples was of factorial nature using Phosphate, Glucose and Glutamic acid, each present in equal molar units, as the nutrient.  This resulted in a total of 8 conditions including control.  Bacterial abundances were determined daily over 72 hours and bacterial rate process were determined daily except for 48 hour time point.


Temperature Dependence: Temperature dependent experiments were also performed along line P at the same stations as the nutrient enrichment experiments were performed.  These experiments made use of the same water as was used above, without additions of nutrients.  A four temperature regime was chosen (approx. 0, 4, 20 and ambient)for these studies.  As with the nutrient experiments bacterial abundances were determined daily and rate process were determined daily except for the 48 hour time point. 





Microzooplankton Grazing and Growth (Jennifer Putland):


Standard dilution experiments were conducted along Line P and at Station Papa to determine the relative consumption of phytoplankton and bacterioplankton by microzooplankton. These experiments will also provide estimates of microzooplankton growth. In addition to the dilution experiments, fluorescent bead experiments were conducted to identify primary picovores.


Dilution Experiments: Water for these experiments was collected from the SML (and below SML at Station P) and passed through 202 µm screening. Eight dilutions (from 10% to 100% RSW) were prepared using 4l cubitainers.  Samples were taken at T0 and T48 for size fractionated (total and 5 µm) chlorophyll a, Synechococcus, bacterioplankton, and microzooplankton.


Fluorescent Bead Experiments:  Water for these experiments was collected  from the SML. Beads to simulate Synechococcus (1 µm) and bacterioplankton (0.5 µm) were added to reach a final bead concentration of 5-10% ambient Synechococcus and bacterioplankton abundances. Samples were taken over a 2 hour period to examine bead consumption by microzooplankton.





Mesozooplankton Grazing (Ken Crocker):


Two types of mesozooplankton experiment were conducted during this cruise along line P to Station P. The first type were particle removal experiments, in which zooplanktors were placed in a volume of water and allowed to graze, and grazing rates were determined by comparing particle concentrations at time initial and time final. Secondly, radiolabelling experiments were conducted in which prey items were radiolabelled with 3H-Methylamine, an ammonium surrogate, 14C, or 3H�Leucine.





Particle Removal Experiments(Copepods): In these experiments,  varying numbers of copepods were added to 10 liter cubitainers which were filled with <202 mm seawater. Samples were taken at T0 and T24 for the following measurements:





T0                                              T24


Chlorophyll (GFF)                       Chlorophyll (GFF)


Chlorophyll (5 mm)                      Chlorophyll (5 mm)


Cell Counts (Glutaraldehyde)    Cell Counts (Glutaraldehyde)


Cell counts (Lugol's)                  Cell Counts (Lugol's)


                                                  Dissolved Free Amino Acids (DFAA)


                                                 Ammonium


                                                 Bacterial Productivity





In several of these experiments it was possible to separate individual species of Neocalanus in an effort to compare the grazing rates of different species of the genus. We hope to combine the grazing rates on microzooplankton and phytoplankton with the growth and grazing rates of the microzooplankton to elucidate the movement of material through trophic levels. Similarly, the DFAA, ammonium and bacterial productivity measurements can be combined with the bacterial substrate enhancement experiments described above to give an understanding of feedback from zooplankton to bacteria.





Particle Removal Experiments (Salps): At Station P26, Salps were used in similar experiments. Salps were placed in either a 23 liter bucket, or a 200 liter barrel, and particle and chlorophyll samples taken over a time series. In these experiments, Amino Acid samples were not taken. However, coordinated efforts with Robert Goldblatt (UBC) and Delphine Thibault (INRS) allowed replicate Tucker Trawls for salp biomass and gut pigment assessments.





Grazing of copepods on radiolabelled microplankton (Paul Matthews and Ken Crocker): In these experiments, seawater samples were radiolabelled with 3H-Methylamine, 3H-Leucine or 14C. These labels are intended to follow the pathways of ammonium, bacterial DNA synthesis and primary production, respectively. After tracking the movement of label in seawater, copepods were added, and the movement of label into copepods due to grazing was assessed. These measurements should allow us to estimate the flow of ammonium through the microbial food web into metazoans, and partition the ammonium flux between bacterial sources and primary producers.


Two natural populations of microplankton were labelled with  either 14C-bicarbonate and 3H-MeA or 14C-bicarbonate and 3H-Leucine in an attempt to partition Carbon which has been ingested by copepods into separate fluxes from autotrophic and bacterial based pathways.  Labelling typically occurred over a 10 to 12 hour time period during which time these samples were sub-sampled to determine the filter retained activity on 0.2 m, GF/F and 5 m filters.  At the termination of the labelling incubation copepods were added and were allowed to graze for 30 minutes at which time the filter retained activity was determined as above and the copepods separated and retained.





Comments:


1. Fumehood provides adequate ventilation for neither the person using the hood nor the lab in general. This is both uncomfortable and a health hazard.


2. Space is a continuing problem, and will undoubtly continue to continue.  One minor change; on future cruises, we may need to have a small amount of wet lab space (0.5 m x 0.5 m) for preparation of particle free seawater for dilution experiments. This will only be necessary prior to experimental days.


3. Water temperature of incubators was well above ambient without the fire hose. Even with the firehose running, the incubators often became overheated on sunny days, but that's still better than the best possible performance without the firehoses. In future, we'd prefer to go straight to the firehose setup at the beginning.


 4. In general both the ship and ship's crew were excellent.





Paul Matthews, Jennifer Putland, Ken Crocker





Mesozooplankton herbivory and algal pigments





Aim:


Study the pigment composition of phytoplankton and zooplankton gut contents, and the impact of zooplankton grazing on phytoplankton and zooplankton feces production on the flux of sedimenting material.  Estimate the coprophagy, coprohexy and coprochaly of zooplankton.





P04


- FDSTAR samples: 1 sediment trap (=2 cylinders) at 100m, 2 (= 4 cylinders) at 200m and 1 (= 2 cylinders) at 300m. At each depth, 2 cup contents were treated for pigment analysis by HPLC (GF/F kept frozen in liquid N2) and for microscopic examination (fixed with formaldehyde for Don Deibel, MUN).  The 2 remaining cup contents at 200m, were treated for CHN analysis (filtered on pre-combusted GF/F) and feces analysis. Subsamples were taken for Brad Moran. Water above the cup was collected for pigment analysis and CHN contents.


- Punch from the 1µm big filter and nucleopore filters (1µm and 0.2µm filters) from Jim Bishop's pumps for HPLC determination of pigments. 


- Go-flo's (20, 10 and 5m)


- Net tow during day and night for


- Gut pigments contents


- Metabolic index (Cytrate synthase, AND/ARN)





P06


        - Punch from the 1µm and 53µm big filters and extra arm filters holders samples (QMA and 0.2µm filters) from Jim Bishop's pumps for HPLC determination of pigments.





P12


- Punch from the 1µm big filter and nucleopore filters (1µm and 0.2µm filters) from Jim Bishop's pumps for HPLC determination of pigments.


- Net tows during day and night


- Gut pigments contents


- Metabolic index


- Gut evacuation rate.


- Production of feces (Pigments)


- Go flo





P16


- Punch from the 1µm big filter and nucleopore filters (1µm and 0.2µm filters) from Jim Bishop's pumps for HPLC determination of pigments.


- Net tows during day and night for:


- Gut pigments contents


- Gut evacuation rate.


- Production of feces (Pigments)


- Production of feces (CHN)


- Go flo's (40, 20, 8m)


- Experience of coprophagy (starved animals fed only on their own feces run for 24h, control with only feces and only animals).





P20


- Net tows during day and night


- Gut pigments contents


- Gut evacuation rate.


- Production of feces (Pigments)


- Production of feces (CHN)


- Defecation rate


- Punch from the 1µm big filter and nucleopore filters (1µm and 0.2µm filters) from Jim Bishop's pumps for HPLC determination of pigments.


- Go-Flo (35, 20, 5m)





P26


- Punch from the 1µm big filter and nucleopore filters (1µm and 0.2µm filters) from Jim Bishop's pumps for HPLC determination of pigments.  And 1/8 of the big 53µm filters for feces analysis


- Net tows during day and night (12 nets)


- Gut pigments contents


- Gut evacuation rate.


- Production of feces (Pigments)


- Production of feces (CHN)


- Defecation rate


- 2 experiments of coprophagy


- Salps experiments with Ken Crocker and Robert Goldblatt :


- Gut and feces pigments contents


- Sedimentation rate of feces


- Go Flo (3, 15, 50m)


- FDSTAR samples


- from 1010m (Pigment and microscopic analysis)


- from 210m (Feces and CHN, subsample for Brad Moran)


- from 190m (Pigments and microscopic analysis)





Work done for other people:


n       - Sampling for Magnus Eek from JB pumps at each station (twice at P26)


n       - Subsamples from the FDSTAR for Brad Moran at P04 and P26


n       - Subsamples from the FDSTAR for Don Deibel at P04 and P26





Requests for next cruises:


- FDSTAR samples again at P04 and P26


- A bit more lab space


- Sub-samples from the 53µm big filters of JB pumps at each station.


- DOC and DON analysis (leaching of DOC and DON by feces, estimate the importance of this leaching on total DOC and DON). A total of 12 samples by station at the most.





Acknowledgement:


I would like to thank people from IOS for handling the FDSTAR samples, liquid N2, net tows for me.





Delphine Thibault


(INRS-Oceanologie, Rimouski





Mesozooplankton Dynamics





Objectives


My primary objective for this cruise was to collect quantitative samples of mesozooplankton to determine the biomass, composition, abundance, and distribution of  mesozooplankton along Line P.  These samples were collected during both day and night in order to identify diel migrations.





A secondary objective was to perform incubations of the predominant copepods with microplankton prey to determine the ingestion rate of these mesozooplankton.





Results


Mesozooplankton samples were successfully collected at all 5 of the major biological stations along Line P.  There were no obvious trends in upper water column biomass along Line P, but the total biomass appears to be greater at station Papa at this time of the year than on the other JGOFS cruises in Sept. and Feb.  The composition of the mesozooplankton community changed from the more eastern stations (P12 & P4), with a wide variety of animals including gelatinous types like salps, jellyfish, & ptenophores, to predominantly copepods of the genus Neocalanus in the upper water of the more western stations (P16, P20, & P26).  There were obvious differences in the vertical distribution of mesozooplankton at all stations, on a scale of 25 m.   For example, at station P12 a small, unidentified salp was abundant in the daytime in the 50-25m layer and relatively absent in the rest of the 250 m water column sampled.  At night, the salp density maximum moved into the 25-0 m layer.


A grazing experiment was carried out with copepods and prey from station P26.  Either the copepod Neocalanus flemingeri (7 replicates) or N. plumchrus (5 replicates) were added to 20 L carboys containing natural seawater.  Three controls contained no added copepods. Samples for particulate C & N, chlorophyll a, phytoplankton, and microzooplankton were taken initially and after 24 h.  After 24 hours 2 of the N. flemingeri carboys were inspected and all the added copepods were found alive and healthy.


The remaining carboys then had the prey concentration increased by adding various amounts of station P water in which the microplankton concentration had been allowed to grow up to a high level (this "culture" was supplied by Philip Boyd.)  Thus, copepods were incubated with 5 different concentrations of prey.  Initial and final samples were taken as in the incubation with natural seawater.








Plankton net samples collected


Vertical bongo net hauls from 150 m to the surface were carried out in the day and night at each of the 5 major stations.  The contents of one net were preserved in formalin for identifying and counting the mesozooplankton.  The contents of the other net were used for biomass determination.  These were filtered onto preweighed Nitex mesh and dried in preweighed aluminum pans at 50ƒ for 48 h.


Tucker trawl (a plankton net system that carries 7 nets and a CTD) tows were carried out in the day and night at stations P12, P20, & P26.  As one of the nets is closed the next is opened.  This allows sampling of mesozooplankton from 6 different depth strata.  Nets were opened at 250, 150, 100, 75, 50, & 25 m.  The contents of each net were preserved in formalin for later identification and counting.


A broken connection to the triggering mechanism prevented the successful use of the trawl at station P4.  The problem was solved and fixed by John Love.  Station P4 was then sampled, in the daytime only, on the return leg of the trip.


Rough seas prevented the use of the trawl at station P16.  Instead, vertical split hauls were carried out with a closing WP2 net.  Depths sampled were: 150-100m, 100-50m, & 50-0m.  The surface depth stratum was sampled before, during, and after dusk in order to look for changes in mesozooplankton density and composition due to diel migration.


An extra night trawl was carried out at station P26 specifically to sample the abundance of salps.  Long chains of salps had been seen at the surface at night, but few had showed up in the relatively short tows done at that station.  Therefore the towing time was increased and the depths sampled were 3 nets at 100 - 50 m, and 3 nets at 50 m to near surface, in order to sample a bigger volume of water.


Nonquantitative tows were carried out at each of the 5 major stations in order to collect individuals for C/N analysis, and for Dr. S. Calvert for 15N analysis.  Individual were either sorted and dried at sea, or frozen in liquid nitrogen for sorting ashore.





Other work performed


Dr. D.L. Mackas' upward looking echosounder was turned on before being placed on a mooring at station P26.


Mesozooplankton samples (4) were collected for Dr. B.W. Frost (U. Washington) for work on the genetics of coastal vs. open ocean populations of the copepod Calanus pacificus.





Robert Goldblatt, D.L. Mackas and A.G. Lewis  (UBC/IOS)





 Particle Dynamics





Overview: The MULVFS is designed to collect samples of particulate matter split in-situ into <1 um, 1-53, and >53 um size fractions from volumes of seawater as great as 15,000 L. Analysis of the major, minor and trace element distributions in the samples coupled with microscopic analysis allows characterization of processes governing organic matter production, vertical transport, and reminerallization in the water column. The MULVFS also is configured to collect - by adsorption - the naturally occurring uranium series and cosmogenic nuclides dissolved in seawater.  In particular, the disequilibrium between Th-234 and U-238 in the euphotic zone gives an indication of particulate carbon export rates. A third independent sampling manifold allows studies of sub-micron sized particles and dissolved species. The large quantiy of matierial collected permits multi-investigator investigations of the same samples. High precision STD/transmissometer data is collected during each MULVFS cast to provide a high resolution vertical profile of particulate carbon concentration systematics and diurnal variability of particulate carbon.  Goals: The goals of this cruise were: [1] to obtain complete MULVFS profiles at stations on the shelf, p4, p6, p12, p16, p20 and p26. In the case of p26 a daytime and nighttime cast was planned; [2] to obtain samples for dissolved barium at stations p4,p12,p16,p20, and p26; [3] to obtain a high resolution, calibrated beam attenuation coefficient data set by combining MULVFS 1-m pathlength Sea tech transmissometer data with those obtained during routine ctd and rosette casts; and [4] to characterize by tow-yo ctd/transmissometer casts at p26 the spatial variability of biogenic particulate matter on small (<0.8km) N-S and E-W horizontal  pace scales. This activity was added to fill 4 hour night-time gaps in shiptime.





Narrative


[1] MULVFS Operations:


electrical: The electrical problems encountered during the February cruise were largely solved by this cruise. Faulty electrical slip rings on the winch were identified as a major cause of our problem. They were returned to the manufacturer for replacement/repair. The repair could not be accomplished in time for the May cruise and so we sailed without them. This was a minor inconvenience and did not greatly impact shiptime utilization or safety.


Lack of slip rings did preclude sampling in waters shallower than the 1000 m length of the MULVFS elecromechanical cable since the winch could not be turned without interrupting sampling. With only 5 working days notice before sailing we were required  by Transport Canada to obtain install a 14 kVa 460 VAc 3 phase isolation transformer and insulation resistance monitoring system for power supplied to the MULVFS. This short action time resulted from poor communication between the IOS safety committee and marine operations group and UVic and resulted in considerable additional expense to our project. The system was installed and operational for the May cruise and eliminated the need for ship's engineers to respond to occasional low insulation resistance alarms during MULVFS operation.





Sampling:  Seven good MULVFS casts were obtained at stations p4, p6, p12, p16, p20, and p26. Only the continental shelf cast was not attempted due to lack of winch slip rings. We regard this aspect of the program a sucess.  It is important to note that our station activity requires maintanence of a near vertical wire angle over 9 hours during deployment, operation, and recovery. We consistently encountered difficulty during one of the three watches. The mate was reluctant to use the bow thruster in early morning hours. At one station (p26 day) in nearly calm conditions, the deployed system was towed at speeds up to 2 kts and wire angles exceeding 45 degrees were observed when we were attempting to recover the deployed filtration units. We cannot presently determine if differences night vs day observed at p26 are due to the effects of towing or due to biological processes. Delays in recovery due to wire angle problems at this station resulted in loss of up-cast transmissometer data due to logger memory limitations. The filter holders and pump units are designed to prevent sample washout during recovery. It must be noted that some sample redistribution will occur on the 53 mm filters if pumps are tilted past 20 degrees during recovery.  Some additional improvements to the filter holder baffle system appear to be possible. On a positive note, the last MULVFS cast at p26 was conducted in 20-25 kt winds and near perfect results were obtained as a result of proficient ship handling on the part of all three mates.  Deployment was accomplihed as fast as 1 hr 20 minutes but recovery of the system took slightly over 2 hours. Difficulties which contributed to slow recovery included (a) sticking cable clamps, (b) time required for removal of residual seawater from filter holders on pumps deployed shallower than 100 m, (c) slow haul-in winch speed, (d) the requirement for slow winch speed when the std-/transmissomter package is within 100m of the surface, and (e) poor control of vertical wire angle. We partially solved (b) during this cruise by doubling the capacity of the on-deck vacuum system. Both (a) and (c) will be addressed before the next cruise. Improvement of (d) requires a faster CTD logging system (limited by memory and processor speed to once per 7 seconds). Improvement of (e) requires action on the part of the mate on watch.  As noted in February, deployment from the stern of the Tully proved difficult in winds above 25 kts. This is due to combined effects of increased ship pitching motion, drag properties of the MULVFS, and increased propeller wash. We plan to take steps to reduce system drag by replacing 4 large diameter pump frames with smaller ones in time for the next cruise.


A total of 84 size frationated samples and 2 operational blanks were obtained from volumes of seawater ranging from 2,000 to 18,000 L (15 m to 900 m).  Approximately 600 subsamples of fresh (<1 mm and 1-53 mm) particulate material were distributed among 6 investigators at sea. Splits of >53 mm material were provided to investigators at stations p26 and p6. Another 400 samples were obtained using 4 to 6 47 mm filter holders attached to the ancillary sampling manifold of each pump.  


Station p4 had 3-5 times more large particles throughout the upper 1000 m as the other stations further offshore. Optical scanner results for p6, p12, p16, p20, and p26 suggest that particle reminerallization is concentrated in the zone between 100 and 250 m. We noted a consistent layer structure of several classes of macroscopic organisms  collected by MULVFS; gelatinous zooplankton occur in  a layer between 300 to 700 m with maximum concentrations between 400 and 500 m; radiolaria dominate below 600 m. MULVFS does not quantitatively sample actively swimming organisms such as copepods. The few (1 per m3 density) individuals found generally occured in the upper 100 m. Comparisons of p26 data from February with May showed factor of two lower concentrations of >53 um particles from 10 m  to 250 m in May. If anything, upper watercolumn particle recycling efficieny at PAPA increased between February and May. The thorium results from the URI group will be important in providing a quantitative comparison. 


[2] Dissolved Barium sampling:


Dissolved Ba exhibits nutrient like behavior but it's removal has been mechanistically linked to particulate carbon export. Rosette samples were obtained from 0 to 400 m casts at each of the major stations.  Ba analyses will be conducted by ICP-MS.


[3] High precision transmissometer data:


High precision beam attenuation coefficient data are used to ducument particulate carbon variability and were obtained during each MULVFS cast (p4, p6, p12, p16, p20 and p26) and during CTD deployments at p8 (May 8 1996) and p14 (CTD 9609159 and 160, May 25 1996).  Prospects for a high spatial resolution, calibrated beam attenuation coefficient section utilizing data from the CTD casts at p1 - p26 are excellent.  The CTD transmissometer data can be improved by digitization at a level higher than the 11 bits used at present. The calibration and quality of rosette transmissometer data are questionable.  Comparisons with data obtained during February at p26 showed that similar concentrations of particulate matter were present in the upper euphotic zone at p26 during both February and May; however, the integrated quantity of material shallower than 100m was 2 times higher in February than in May. Data from deeper than 100 m indicate that particulate carbon standing stocks may have been as much as 50% lower in February than in May. These results require verification by sample analysis. 


[4] CTD / 25-cm transmissometer -Tow-yow experiments:


It was improtant to the interpretation of individual profile data to charactrize the small scale spatial variability of particualte matter at the major stations. This was done for the first time at p26 during this cruise. CTD casts 96090082 to 9609109 were obtained along a 5 nautical mile long east - west transect centred on station p26 during a three hour period on May 20 1996. Casts 118 to 149 were taken on a 6 nautical mile long transect north to south through station p26. The first order contribution to particulate matter variability in the upper 100 m was made by 25 m amplitude internal waves. Otherwise particulate matter gradients at p26 were small.


In summary, this cruise was much more sucessful than in February.  We look forward to a similar level of effort in August.
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